The stimulatory effect on plaque formation observed when calcium was included in the plating medium (Potter and Nelson, 1952) suggested an investigation of the effects of calcium on the bacteriophage-host relationship. For the results of such an investigation to have significance, it was necessary that experiments be conducted in a basal medium that was essentially calcium-free so the amount of this element could be controlled.
The stimulatory effect on plaque formation observed when calcium was included in the plating medium (Potter and Nelson, 1952) suggested an investigation of the effects of calcium on the bacteriophage-host relationship. For the results of such an investigation to have significance, it was necessary that experiments be conducted in a basal medium that was essentially calcium-free so the amount of this element could be controlled.
EXPERIMENTAL METHODS
A chemically defined medium, capable of supporting lactic streptococcus growth, was devised by Niven (1944) and modified by Colfins et al. (1950a) . The medium of Collins et al. (1950a) would have been satisfactory for the present investigation but was not used because of the relative difficulty of preparation. Tryptophan assay medium (Difco Laboratories) was found to contain most of the constituents present in the Collins medium. By supplementing this medium with xanthine, glutamine, asparagine, sodium thioglycolate (Niven, 1944) , and sorbitan monooleate (Collins et at., 1950a), a partially defined medium was devised which supported continuing growth of lactic streptococci. Preliminary investigations showed that in this medium bacteriophage proliferation did not occur on actively growing host bacteria unless calcium was added. The composition of this medium is given in table 1, and in the remainder of this paper this medium will be referred to as the calcium-deficient medium. In preparing the calcium-deficient medium, all constituents except glutamine and asparagine were combined and autoclaved for 15 minutes under 15 pounds pressure. The glutamine and asparagine were sterilized by filtration (Niven, 1944) and added aseptically to the autoclaved medium. Semiquantitative tests showed the calcium concentration of the medium to be about 5 ppm.
The bacteriophage-organism combinations were chosen from among those studied earlier (Potter and Nelson, 1952) , and the same methods for propagating and enumerating bacteriophage were employed. However, the bacterial cells used had been grown previously in the calcium-deficient medium to avoid introduction of milk constituents into the systems studied. some cases slight increases in bacteriophage titer above that associated with mass lysis resulted when still higher calcium concentrations were present in the medium. Very small reduction in the calciuim concentration of the medium, below that required for mass lysis, resulted in considerable differences in the final bacteriophage titer. Thus, in the case of bacteriophage strain no. F57, when the medium contained 5.4 X 10-4M added calciuim ion the titer reached was 2.5 X 10', when the calcium concentration was increased to 6.7 X 10 4 M the titer increased alnost 1,000-fold, and when the concentration was raised to 8.0 X mass lysis had occurred was very abrupt, and the clear tubes in some series differed from the turbid ones by as little as 6.7 X 10-1 M added calcium ion. In some cases the differences in bacteriophage titer between adjacent turbid and clear tubes were not nearly as great as might be expected from the appearance of these tubes. Mass lysis failed to occur with bacteriophage strain no. F24 with 2.5 X 103 4.5 X 10' <2.5 X 104 2.5 X 103 1.5 X 10' 4.5 X 101 6.7 X 10-' 9.5 X 103 4.5 X 10' 1.3 X 10-4 4.5 X 10' 9.5 X 102 <2.5 X 104 2.0 X 10-4 1.5 X 108 4.5 X 103 2.7 X 10-4 2.5 X 1081 4.5 X 10' 2.5 X 10' 4.5 X 103 3.4 X 10-4 2.5 X 108 9.5 X 10' 4.5 X 101 4.0 X 10-' 2.5 X 108 2.5 X 107 9.5 X 108P 4.5 X 106 9.5 X 102 4.7 X 10-4 9.5 X 10' 5.4 X 10-4 4.5 X 10' 4.5 X 106 2.5 X 103 6.0 X 10-4 2.5 X 10' 6.7 X 10-' 2.5 X 10' § 4.5 X 10' 9.5 X 10' 2.0 X 106 4.5 X 104 8.0 X 10-4 9.5 X 10' 9.5 X 108t 4.5 X 109$ 9.4 X 10-4 2.5 X 10' 9.5 X 10' 1.0 X 10-3 4.5 X 10' 1.1 X 10-3 2.5 X 10'
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Experiments were performed to determine if the effect of calcium could be attributed to an increased rate of adsorption of bacteriophage particles to host bacteria in the presence of this ion. In preliminary studies on adsorption in the calcium-deficient medium, it was shown that rapid adsorption could be obtained by employing large numbers of bacteria and bacteriophage particles and maintaining a ratio of about 1,000 cells to each bacteriophage particle. For these studies, bacterial cells grown in the calcium-deficient medium were diluted with additional calcium-deficient medium at 32 C and added in 2 ml quantities to screw cap test tubes. The bacteriophage particles were diluted and suspended in 2 ml of additional liquid at 32 C and added to the tubes. Either calcium-deficient medium or, where the effect of calcium was to be determined, calcium-deficient medium plus 6.7 X 10-' M added calcium ion was used. This gave a calcium ion concentration of 3.4 X 103 M in the final adsorption mixture. Control tubes were set up to contain 2 ml of the diluted bacteriophage suspension and 2 ml of calcium-supplemented medium without bacterial cells. The contents of the tubes were mixed and the tubes incubated at 32 C for the various time intervals. After incubation the tubes were centrifuged for 10 minutes at 3,000 rpm in an International centrifuge with a catalogue number 813 angle head to sediment the cells and any bacteriophage particles adsorbed to them. Following centrifugation, 1 ml of supernatant was removed from each of the tubes, appropriately diluted, and the free bacteriophage particles titered by the plaque counting method (Potter and Nelson, 1952) . Representative data are given in tables 3 and 4. For the three strains studied, the presence of calcium ion in the medium was not necessary for bacteriophage adsorption, as 75, 89, and 85 per cent of the bacterio-phage particles present in the case of strains no. F24, no. F68, and no. F63, respectively, were adsorbed during 10 minutes' incubation in the absence of calcium ion (table 3) . However, calcium in the medium increased slightly the percentage of adsorption taking place in this period; thus for bacteriophage strains no. F24, no. F68, and no. F63, adsorption in the presence of calcium ion was 93, 94, and 96 per cent, respectively. When incubation time was extended from 10 to 20 minutes, a slight increase in the number of bacteriophage particles adsorbed occurred in both the calcium-containing and calcium-deficient media. To determine if appreciable adsorption occurred in shorter incubation times, additional data were obtained with bacteriophage strain no. F63. Table 4 shows that with an incubation time of 45 seconds 34 per cent of the bacteriophage particles were adsorbed in the absence of calcium ion, while 53 per cent adsorption took Bacteriophage only Titer 230 X 10' 261 X 103 252 X 10' 229 X 10' 250 X 103 * Concentration (per ml) of cells and bacteriophage particles: 2.5 X 108, 2.5 X 106, respectively. place in its presence. From these data it appeared that the slight effect of calcium ion on adsorption was more pronounced in the early stages of the proliferation process.
DISCUSSION
The partially chemically defined medium employed supported luxuriant growth of six lactic streptococcus strains tested but would support proliferation of the homologous bacteriophages only if calcium ion was added. These findings agreed with those of Collins ei al. (1950b) , except that in the present study bacteriophage strain no. F24 was unable to proliferate without added calcium, while Collins et al. (1950b) obtained proliferation of strain no. F24 and one other bacteriophage strain on their homologous hosts in their chemically defined medium without added calcium. The low level calcium requirement of bacteriophage strain no. F24 possibly was a factor in their findings.
Maximum proliferation of the various bacteriophage strains required supplementation of the calcium-deficient medium with different minimum calcium concentrations. These amounts ranged from 2.7 X 104 M added calciunm ion for strain no. F68 to 1.7 X 1t-8 M calcium ion for strain no. F63. These results were in general agreement with the work done on plaque formation (Potter and Nelson, 1952) , where strain no. F63 was found to require relatively high concentrations of calcium for good plaque formation, while strain no. F68 gave high plaque counts with low concentrations of added calcium. Very small variations in calcium concentration resulted in considerable differences in titers reached by the bacteriophages, and the minimum calcium concentration necessary for optimum proliferation of the six bacteriophage strains could be reproduced with considerable accuracy. In this work the bacteriophages were freshly propagated before calciuim responses were determined, and also after the first generation of bursts virtually all bacteriophage particles present would be newly formed, regardless of the history of the bacteriophage preparation used for inoculum. This largely eliminated the age variable encountered in earlier studies (Potter and Nelson, 1952) , and therefore the calcium optima were considered characteristic of the different bacteriophage-organism combinations under these experimental conditions.
In studying this group of bacteriophage strains, a knowledge of their calcium optima is important because calcium deficiency is as effective as unsatisfactory temperature, pH, and other factors in limiting bacteriophage proliferation. This has to a large extent been overlooked in the past with little apparent ill effect, probably because most work has been done in milk and other natural materials not markedly deficient in soluble calcium. Knowledge of calcium optima also may be of value for identification of lactic streptococcus bacteriophage strains; however, no work was done to determine whether the calciuim optima are characteristic of the bacteriophage or of the organism in the combination or whether the various bacteriophage strains could be made to adapt to lower calcium concentrations. A relationship between the calcium requirements of the bacteriophage strains and other differential criteria commonly employed in these laboratories for the classification of lactic streptococcus bacteriophages (Wilkowske, 1949) could not be established. In this study no data on interrelationships of ions in the calcium-deficient medium were obtained; possibly, the minimum calcium levels for optimum bacteriophage proliferation could be changed materially by varying the concentrations of other medium ingredients, particularly other ions.
The stimulatory effect of calcium could not be explained by its effect upon adsorption, as under the experimental conditions employed 85, 89, and 75 per cent of the particles of three bacteriophage strains studied were adsorbed during a 10 minute period in the absence of calcium, but no bacteriophage proliferation occurred. Slightly greater adsorption occurred when calcium ion was present, but the effect on proliferation was out of proportion to the effect upon adsorption. However, a satisfactory explanation for the stimulatory effect of calcium ion on proliferation of this group of bacteriophages cannot be offered at this time. Preliminary data indicate that the effect of calcium is on rate of proliferation rather given amount of calcium ion present in the medium.
SUMMARY
A calcium-deficient, partially chemically defined medium which could be prepared easily was devised. In this medium proliferation of six bacteriophage strains on their actively growing host bacteria could not take place unless soluble calciuim was added. The various strains required different minimum concentrations of calcium for optimal proliferation in this medium and these ranged from 2.7 X 10 to 1.7 X 1O3 M added calcium ion. Calcium was not required for adsorption of bacteriophage particles on their host bacteria although the adsorption rate increased slightly in the presence of this ion.
